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In this paper the results of Higgs searches at the ATLAS experiment, operating at the LHC, are
summarised. The results are based on data samples corresponding to an integrated luminosity of up
to 20.7 fb−1 at a centre-of-mass energy of 8 TeV and 4.6 fb−1 at 7 TeV. The observation of a Higgs
boson is established. The mass of the new boson is measured to be 125.5±0.2 (stat)+0.5−0.6 (syst) GeV,
and the ratio of the observed number of events and expected from a Standard Model Higgs Boson
is compatible with unity, µ = 1.30± 0.13 (stat)± 0.14 (sys). The spin and parity properties as well
as the couplings structure are compatible with those predicted for a Standard Model Higgs Boson.
No evidence of further Higgs states is found.
I. INTRODUCTION
In the Standard Model of particle physics (SM) the
Brout-Englert-Higgs mechanism allows to give masses to
all massive elementary particles [1–3]. The mechanism
predicts as well the existence of a new scalar massive
state, the Higgs boson. On July 4th 2012 the ATLAS
and CMS collaborations announced the discovery of a
new boson in the context of the Higgs Boson search anal-
yses [4, 5]. Since then the focus is on the study of the
properties of this new particle. Moreover further decay
channels and beyond the Standard model states has been
continued. This paper summarises the results obtained
by the ATLAS experiment, operating at the LHC, up to
Winter 2013. The results are based on data samples cor-
responding to an integrated luminosity up to 20.7 fb−1 at
a centre-of-mass energy of 8 TeV and 4.6 fb−1 at 7 TeV.
The paper is organized as follows: in Section II a brief
introduction on how the SM Higgs is expected to look
like is given. In Section IV the ATLAS detector is de-
scribed, in Section V the results of the measurements of
the newly discovered boson, as well as the searches for
other decay channels are summarised. Finally Section
VI outlines three important Beyond the Standard Model
(BSM) searches.
II. HIGGS BOSON PHENOMENOLOGY
INTRODUCTION
The Higgs sector in the SM is fully predicted once the
mass of the Higgs boson is fixed. In particular the pro-
duction cross-sections and the decay branching ratios can
be calculated.
At the LHC there are four main production mecha-
nisms, that are sketched in Figure 1. The one with
largest cross-section is the gluon-gluon fusion process
(ggF), which proceeds through quantum loops, followed
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by the vector boson fusion process (VBF), which has
a very distinctive signature given by two forward jets.
Then immediately follows the vector boson associated
production (VH), where the Higgs is produced in associa-
tion with a W or a Z. Finally the tt associated production
(ttH) is a very rare process, but with a very complex and
characteristic signature. The different production chan-
nels are used in analyses both to enhance the sensitivity,
for example by targeting specific, very distinctive signa-
ture processes, or to obtain further information about
couplings.
The Higgs decay branching ratios are plotted as a func-
tion of the Higgs mass mH in Figure 2. At mH =
125 GeV a lot of different decay channels are open. The
bosonic channels are not those with the highest branch-
ing ratios, but they benefit experimentally from a clear
signature given by the presence of final state light leptons
(e/µ) or photons (γ). The fermionic channels, which are
favoured in terms of branching ratios, are characterised
by hadronic signatures (b-jets or hadronic tau decays)
which are experimentally challenging.
FIG. 1. Sketch of the main Higgs production processes at
the LHC.
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2FIG. 2. Higgs decay branching ratios as a function of Higgs
mass [6].
III. THE ATLAS DETECTOR
The ATLAS detector [7] is a general purpose detector
operating at the LHC. It comprises different layers of de-
tectors. The inner tracking system is closest to the inter-
action point, and is immersed in a 2T magnetic field pro-
vided by a superconducting solenoid. The inner detector
is surrounded by high-granularity liquid-argon sampling
electromagnetic calorimetry. Outside the inner detector,
but covering the same rapidity region, the electromag-
netic calorimeter is radially segmented in three layers,
the first of which has a very fine segmentation dedicated
to pi0/ γ separation. A thin presampler layer, covering
the pseudorapidity interval |η| < 1.8, is used to correct
for energy losses before the calorimeter. Hadronic cov-
erage is provided by an iron-scintillator/tile calorimeter
in the central region (|η| < 1.7) and LAr detector in
the more forward regions. The muon spectrometer (MS)
surrounds the calorimeters and consists of three large air-
core superconducting magnets providing a toroidal field.
The combination of all these systems provides charged
particle measurements together with efficient and precise
lepton and photon measurements in the pseudorapidity
range |η| < 2.5. Jets and missing transverse momentum
(EmissT ) are reconstructed using energy deposits over the
full coverage of the calorimeters, |η| < 4.9.
IV. STATISTICAL METHOD
The statistical analysis for all the channels consid-
ered and for the combination of channels is based on
the profile likelihood method, which is described into
detail in Ref. [8] and references therein. For each pro-
duction mode i, a signal strength factor µi defined as
µi = σi/σi,SM is introduced. Similarly, for each decay
final state f , a factor µf = Bf/Bf,SM is introduced.
For each analysis category k the number of signal events
nksignal is parametrized as
nksignal =
(∑
i
µi σi,SM ×Akif × kif
)
× µf ×Bf,SM ×Lk
(1)
where A represents the detector acceptance,  the re-
construction efficiency and L the integrated luminosity.
The test statistic used is of the type
Λ(µ) =
L(µ,
ˆˆ
θ(µ))
L(µˆ, θˆ)
(2)
where µ is the parameter of interest, θ the nuisance
parameters, L(µˆ, θˆ) the global likelihood maximum, and
L(µ,
ˆˆ
θ) likelihood maximum for tested µ point.
V. STANDARD MODEL ANALYSES
SM analyses were performed for various possible de-
cay modes. The observation of a new boson is well es-
tablished in the two-photon channel [9], in the golden
four-lepton decay channel [10] as well as in the WW
channel [11]. Searches were performed for the bosonic
H → Zγ channel and the search for higher mass states
in the H → ZZ → 4l channel was updated. The cor-
responding integrated luminosities for the datasets used
for these analysis are 4.8 fb−1 for the data collected at√
s = 7 TeV and 20.7 fb−1 for the data collected at√
s = 8 TeV. Searches were performed for a SM Higgs
Boson in the fermionic bb [12, 13] and ττ [14] channels,
which however are not yet conclusive. In this case the
dataset at
√
s = 8 TeV is limited to a corresponding in-
tegrated luminosity of 13.0 fb−1. Combinations of the
results were performed for the mass and signal strengths
measurement [8], and the coupling measurements [15].
A. Two-photon channel
The branching ratio of the Higgs decay to two pho-
tons is expected to be very small, about 0.2%. This is
due to the fact that the decay, as well as the main pro-
duction mode, proceeds through loops. This latter fact
on the other hand makes this channel sensitive to possi-
ble contributions from BSM heavy particles, which may
circulate in the loops. Despite the very low branching
ratio the sensitivity in this channel is very good, with
an expected local significance for a 125 GeV SM Higgs
boson of 4.1σ. This is due first of all to the very clear
signature given by two back to back photons, which can
be reconstructed into a resonance. The two-photon mass
resolution is very good (σm ∼ 1.7 GeV) and was found
to be stable against time and pileup conditions. The
mass resolution was improved thanks to the negligible
3uncertainty on the primary vertex identification achieved
via calorimeter pointing. The analysis was performed in
14 categories targeting different production modes: VH,
where additional requirements on leptons, jets and EmissT
in the event were applied, and two VBF categories. The
main backgrounds in this channel are given by irreducible
γγ continuum (75%) and γ-jet and jet-jet events (25%).
The two latter backgrounds are reduced by means of tight
photon identification and isolation requirements. For
each category the background was parametrised by an
analytic function. The model was chosen using Monte-
Carlo (MC) simulated samples in order to minimise bi-
ases. The background was extrapolated in the signal re-
gion mass window from the side-bands in data and the
signal to background ratio is of order 3%. The inclusive
fit to data of a background plus signal model is shown in
Figure 3.
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FIG. 3. Invariant mass distribution of diphoton candidates
for the combined
√
s = 7 TeV and
√
s = 8 TeV data sam-
ples. The result of a fit to the data of the sum of a signal
component fixed to mH = 126.8 GeV and a background com-
ponent described by a fourth-order Bernstein polynomial is
superimposed [9].
The observed local significance is 7.4σ (4.1σ SM ex-
pected).
The best-fit mass is mH = 126.8 ± 0.2 (stat) ±
0.7 (syst) GeV. The main systematics on the mass mea-
surement come from the extrapolation of the photon
energy scale from Z → ee analysis (0.3%), the mod-
elling of material in front of the calorimeter (0.3%)
and to the calorimeter presampler energy scale (0.1%).
The signal strength at the best-fit mass is µ = 1.65 ±
0.24 (stat)
+0.25
−0.18 (syst). The best-fit values of mH and µ,
with 68% and 95% confidence level (CL) contours are
shown in Figure 4. A fiducial cross-section is defined for
the kinematic range Eγ
1
T > 40 GeV, E
γ1
T > 30 GeV and
|ηγ | < 2.37, where Eγ1,2T are the leading and subleading
photon transverse energies, and ηγ is the photon pseudo-
rapidity. The inclusive fiducial cross-section is measured
to be σfid ×BR = 56.2± 12.5 fb.
Exploiting the fact categories target different produc-
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FIG. 4. The best-fit values of mH and µ for the two-photon
channel and their 68% (blue) and 95% (red) CL contours. Re-
sults when photon energy scale systematic uncertainties are
removed (dashed), and results when all systematic uncertain-
ties are removed (dotted), are also shown [9].
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FIG. 5. The best-fit values (+) of µggF+ttH×B/B(SM) and
µVBF+VH × B/B(SM) for the two-photon channel and their
68% (solid) and 95% (dashed) CL contours. The expectation
for a SM Higgs boson is also shown (×) [9].
tion modes it was possible to obtain information on the
couplings. Separate signal strengths for the ggF + ttH
production modes (sensitive especially to the couplings
to fermions) and VBF+VH (sensitive to couplings to
bosons) were fit. The best-fit values of µggF+ttH×B/BSM
and µVBF+VH × B/BSM are shown in Figure 5 and are
in agreement with the SM expectations.
The spin-parity properties of the new boson were anal-
ysed by studying the dN/d| cos θ∗|, where θ∗ is the polar
angle of the photons with respect to the z-axis of the
Collins-Soper frame. This distribution is expected to be
flat before applying any cuts for JP = 0+, as predicted
for the SM Higgs boson. The Landau-Yang theorem for-
bids the decay of spin-1 particle into a pair of photons.
It is therefore strongly disfavored by the observation in
the two-photon channel. The possibility that the new
particle has JP = 2+ was considered, using a spin-2
4graviton-like model with minimal couplings. The spin-2
resonance can be produced either via gluon fusion or via
P-wave quark-antiquark annihilation (qq). Five scenarios
corresponding to different admixtures of the production
modes were considered. For the gluon fusion production
mode the angular distribution is given by dN/d| cos θ∗| =
1 + 6 cos2 θ∗ + cos4 θ∗, while for the quark-antiquark an-
nihilation it follows dN/d| cos θ∗| = 1 − cos4 θ∗. The ex-
pected log-likelihood ratio for the null JP = 0+ and al-
ternative JP = 2+ hypotheses, as well as the observed
values as a function of the qq fraction of the spin-2 signal
production, are shown in Figure 6.
FIG. 6. The expected log-likelihood ratio for the null JP =
0+ (blue) and alternative JP = 2+ (red) hypotheses as well
as the observed values as a function of the qq fraction of the
spin-2 signal production in the two-photon channel [16].
B. Four-lepton channel
The channel where the Higgs decays to four leptons,
H → ZZ∗ → l+l−l+l− is the golden channel for mH =
125 GeV. Despite the low decay branching ratio, this
channel has in fact a very clear signature and it is partic-
ularly clean from the background. Moreover it can bene-
fit from a very good mass resolution. The real challenge
of this analysis is to maximise the acceptance, which was
achieved thanks to the high reconstruction and identifi-
cation efficiencies of electrons and muons to transverse
momentum thresholds pT > 7/6 GeV respectively. Fur-
thermore, the recovery of final state radiation photons al-
lowed to increase the signal acceptance by 4%. The mass
resolution was improved by means of a kinematic fit in-
cluding a Z mass constraint. The residual background is
mostly due to irreducible ZZ continuum which was esti-
mated from MC simulation. Contributions from Z+jets,
Z → bb and tt pairs were reduced by means of lepton
isolation and impact parameter cuts and were estimated
making use of data control regions. The breakdown of
the background prediction for the full data sample con-
sidered is shown in Figure 7, where the contribution from
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FIG. 7. The distribution of the four-lepton invariant mass,
m4l, for the selected candidates in the four-lepton channel
compared to the background expectation for the combined√
s = 8 TeV and
√
s = 7 TeV datasets. The signal expectation
for the mH = 125 GeV hypothesis is also shown [10].
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a SM Higgs with mH = 125 GeV is shown and data are
superimposed as well.
The local significance of the excess visible in the
data is 6.6σ at a best measured mass of mH =
124.3+0.6−0.5 (stat)
+0.5
−0.3 (syst) GeV. The systematic uncer-
tainty on the mass measurement is dominated by con-
tributions related to the muon momentum measurement,
since the 4µ channel is the one with largest yield. For the
channels involving electrons similar systematic uncertain-
ties as those in the two-photon channel apply. The signal
strength at this mass is µ = 1.7+0.5−0.4. The best-fit values
of mH and µ, with 68% and 95% CL contours are shown
in Figure 8.
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FIG. 9. Likelihood contours in the (µggF+ttH, µVBF+VH)
plane including the branching ratio factor B/B(SM) for the
four-lepton channel. The best-fit to the data (×) and − ln Λ <
2.3 (full) and 6.0 (dashed) contours are also indicated, as well
as the SM expectation (+) [10].
Three event categories were used in the analysis, tar-
geting different production modes. A VBF category was
defined by requiring two high transverse momentum jets,
with a pseudorapidity separation ∆ηjj > 3 and an invari-
ant mass mjj > 350 GeV. A VH category was obtained
requiring the presence of an additional lepton. Events
that do not belong to the VBF or VH categories result
in a sample enriched in ggF events. The categorisation
allowed to obtain information on the couplings of the
observed boson, similarly to what was done for the two-
photon channel. Figure 9 shows the best-fit values of
µggF+ttH × B/BSM and µVBF+VH × B/BSM , which are
in agreement at the < 2σ level with the SM expectation.
A spin-parity analysis was performed on 43 events
with reconstructed four-lepton invariant mass m4l sat-
isfying 115 GeV < m4l < 130 GeV. Six hy-
potheses for spin-parity states were tested, namely
JP 0+, 0−, 1+, 1−, 2+, 2−. The spin-2 states correspond
to a graviton-like tensor with minimal couplings. As for
the two-photon channel case different gluon fusion and qq
production admixtures were considered. Discriminants
were built from seven spin sensitive observables: the two
Z masses, 1 production and 4 decay angles. Both an
analysis using Boosted Decision Trees and one employ-
ing a matrix element based likelihood ratio (MELA) were
developed. The 0+ hypothesis is favoured, and in partic-
ular the 0− and 1+ hypotheses are excluded at> 97% CL.
Figure 10 shows the results for the 0+ versus 2+ hypothe-
ses for varying qq production fraction.
C. WW ∗ → lνlν channel
At mH = 125 GeV the branching ratio for this chan-
nel is quite large, ∼ 20%, despite being below the real
FIG. 10. Variation of the medians of the log-likelihood ratio
distribution generated for varying fractions of qq in a mixed
qq and ggF production for testing the 2+ hypothesis when
assuming the 0+ hypothesis in the four-lepton channel. The
blue and red data points correspond to the median values
for the 0+ and 2+ hypotheses, respectively, for each fraction.
The black points represent the log-likelihood values observed
in data. [10].
WW decay threshold. This channel has a clear signature
given by the presence of two charged leptons and miss-
ing transverse momentum due to the neutrinos emitted
in the W decays. However it is experimentally difficult
due to the fact full mass reconstruction is not possible.
The main backgrounds come from irreducible WW con-
tinuum, tt pairs and W → lν, which are estimated mak-
ing use of data control regions. An excess is observed
in the data, which at mH = 125 GeV has a local signif-
icance of 3.8σ (expected 3.7σ). This corresponds to a
signal strength µ = 1.0 ± 0.3. Even in this case sepa-
rate signal strengths were fitted for different production
modes. Figure 11 shows the likelihood contours for the
ggF and VBF signal strengths. The signicance of the
excess in VBF categories is 2.5σ (expected 1.6σ).
The measured value of the product of the cross-section
and the WW ∗ branching ratio for a signal at mH =
125 GeV at 8 TeV is 6.0±1.6 pb while the expected value
is 4.8± 0.7 pb.
The spin-parity properties of the observed particles
were tested in this case as well. Angular distributions
were exploited, the main variables being the dilepton
mass mll and the azimuthal angular distance ∆φll of the
two leptons. Only the different flavour, zero-jet channels
are used for the spin measurement, since they give the
best sensitivity. The 0+ and 2+ hypotheses were tested,
finding 0+ favoured against 2+ at 95% CL. Figure 12
shows the results of the spin-parity analysis as a func-
tion of the qq production fractionfqq for the graviton-like
tensor with minimal couplings model used for the 2+ hy-
pothesis. It should be noted that this analysis is sensi-
tive in the fqq region where the two-photon spin analysis
6looses discrimination power.
D. Zγ channel
The H → Zγ process is very rare, with a branching
ratio at mH = 125 GeV B(H → Zγ) = 1.54× 10−3, but
particularly interesting since it proceeds through loops,
and could therefore be sensitive to new physics. The
analysis was performed with Z → ee and Z → µµ. The
main backgrounds are irreducible Z+γ, where the photon
is produced through either initial- or final-state radiation,
and a reducible contribution from Z + jets. The discrim-
inating variable considered is the difference between the
three body and dilepton mass ∆m = mllγ − mll. This
variable was chosen because it is almost independent of
lepton energy scales and it is to a large extent insensitive
to the contribution to the signal from final state radia-
tion in H → µµ decays. The background was estimated
following an approach similar to the two-photon analysis.
Side-bands fits were used to extrapolate the background
in the signal region and the estimate was cross-checked
with data-driven methods. Since no excess over the ex-
pected background was observed, limits were set and are
shown in Figure 13. The limit at mH = 125 GeV is
18.2× σSM (expected 13.5× σSM ).
E. Other Higgs to bosons channels: search for
higher mass states.
The SM Higgs boson is excluded in the mass range
111− 559 GeV with the exception of the excess at mH ∼
125 GeV [4]. The sensitivity in the high mass region was
achieved thanks to the H → WW and H → ZZ anal-
yses based on the dataset collected at
√
s = 7 TeV. It
is now interesting to revisit this kind of analyses in the
perspective of the discovery of a new boson, especially
to search for further possible states at higher mass. The
H → ZZ → 4l was updated to the full LHC datasets.
In the analysis the signal was assumed to have a SM-
FIG. 11. Likelihood contours for separate ggF and VBF signal
strength parameters in the WW channel [11].
FIG. 12. The median test statistic for 0+ (blue dashed line)
and 2+ (red dashed line) as well as the observed value (solid
black line), for various assumptions of fqq, of a 2
+ particle for
the WW channel. The ± 1σ and ± 2σ uncertainty bands for
0+ are also shown by the green and yellow regions, respec-
tively [17].
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like width, estimated using the complex-pole-scheme. No
excess was observed above the background estimation.
Limits were set on the cross-section times the H → ZZ
branching ratio for the ggF and VBF production pro-
cesses separately to allow for different rates for the two
production modes. The results are shown in Figure 14.
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FIG. 14. Expected and observed 95% CL upper limit on the
production cross-section times branching ratio of H → ZZ →
4l (l = e, µ) for an (a) ggF and (b) VBF/VH produced SM-
like signal as a function of mH [10].
F. ττ channel
The search for fermionic decays of the newly discov-
ered resonance is of uttermost importance to understand
its properties. The channel H → ττ is only the second in
branching ratio among fermionic channels, after H → bb,
but provides the largest sensitivity at mH = 125 GeV.
Tau leptons can decay either hadronically or leptoni-
cally. Both types of decay were employed in the search.
Hadronic tau decays were reconstructed from narrow and
low track multiplicity jets and were identified against
quark or gluon initiated jets by means of a BDT dis-
criminator based on tracking and calorimeter informa-
tion. Ten analysis categories were used, according to
decay type (lepton-lepton, lepton-hadron and hadron-
hadron) and jet and event topology properties. These
were used in order to target different production modes.
In a hadronic environment this channel is subject to a
considerable background contamination, and is therefore
accessible for mH as low as 125 GeV only through the
distinctive VBF production signature. The background
is dominated by irreducible Z → ττ . This background
was estimated by means of a hybrid data-MC technique.
Z → µµ data events were considered where muons were
replaced by simulated tau leptons. Other processes that
contribute to the background are Z + jets, W + jets, tt
pairs and single-top, which were estimated by MC nor-
malised in data control regions. Di-boson production
instead was fully estimated from MC and contributions
from multi-jet events were estimated by fully data-driven
techniques. Mass reconstruction is another challenge for
this analysis, since two to four neutrinos are emitted in
the tau decays. The knowledge of the tau decay kine-
matics was used to improve the mass resolution. No
significant excess above the SM background prediction
was observed, limits were therefore set that are shown
in Figure 15. The limit at mH = 125 GeV is 1.9 × σSM
(expected 1.2× σSM ).
FIG. 15. Observed (solid) and expected (dashed) 95% con-
fidence level upper limits on the Higgs boson cross-section
times branching ratio for the decay to two taus, normalised
to the SM expectation, as a function of the Higgs boson mass.
The bands around the dashed line indicate the ±1σ and ± 2σ
uncertainties of the expected limit [14].
G. bb channel
The bb channel benefits from the largest decay branch-
ing ratio in the SM at mH = 125 GeV. However it is
experimentally difficult in the hadronic environment of
the LHC. Therefore specific signatures offered by the pro-
duction modes need to be exploited. Two analysis were
performed, one targeting the VH and the other the ttH
production mode. In the associated production analy-
sis as a baseline two b-tagged jets were required. B-jets
were tagged making use of combined information from
different algorithms, based on track impact parameter
significance and or secondary decay vertex reconstruc-
tion. Three categories were considered, with zero, one
or two additional leptons in the final state, targeting the
Z → νν, W → lν and Z → ll associated vector boson
decay modes respectively. Thirteen categories were then
considered, which exploit different Higgs transverse boost
regimes. The mass of the bb system was reconstructed
from the two b-jets in the event. The main background
contributions come from tt pairs, W + jet and Z + jet.
Backgrounds shapes were taken from MC and normalised
in data control regions. Exceptions are the multi-jet
background, which was estimated in a fully data-driven
way, and the di-boson background, which was fully de-
rived from MC simulation. No excess above the SM back-
ground expectation was observed. Limits were there-
fore set, which are shown in Figure 16(a). The limit
at mH = 125 GeV on σSM × BR = 1.8 (1.9 expected).
The analysis concept was cross-checked performing a 4σ
observation of WZ production with Z → bb.
The analysis for the ttH production modes requires a
quite complex signature:
ttH →W+b W−b bb→ l+νb qqb bb (3)
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FIG. 16. Expected (dashed) and observed (solid) CL limit
on the normalised signal strength as a function of mH for the
V H,H → bb (a) and ttH,H → bb (b) processes [12, 13].
Events were selected by requiring at least 6 jets, of
which at least 3 b-tagged. A kinematic likelihood fit-
ter was used to assign objects in the detector to the ob-
jects considered in the signature above. The main back-
ground comes from tt pair production. No excess above
the SM background expectation was observed. Limits
were therefore set, which are shown in Figure 16(b). The
limit at mH = 125 GeV on σSM × BR = 13.1 (10.5 ex-
pected).
H. µ+µ− channel
The H → µ+µ− decay is extremely rare, BR =
28×10−5 − 6×10−5 over the 110−150 GeV mass range,
but it is the only channel were couplings to second gen-
eration fermions can be tested. This channel benefits
from a clear di-muon signature, which allows for an ex-
cellent mass resolution, but is subject to dominant irre-
ducible Drell-Yan background contamination. Two anal-
ysis categories, depending on the muons detector rapid-
ity region were considered. A binned likelihood fit to the
data was performed using analytical shapes to model sig-
nal and background contributions. No excess above the
SM background expectation was observed. Limits were
therefore set, which are shown in Figure 17. The limit at
mH = 125 GeV on σSM ×BR = 9.8 (8.2 expected).
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FIG. 17. Observed (solid) and expected (dashed) 95% CL
upper limits on the H → µµ signal strength as a function of
mH over the mass range 110 GeV < mH < 150 GeV. The
green and yellow regions indicate the ±1σ and ± 2σ uncer-
tainty bands on the expected limit, respectively [19].
I. Mass measurement combination
The mass of the observed boson was measured from the
high mass resolution two-photon and four-lepton chan-
nels. The mass systematic uncertainty is dominated in
the two-photon channel by photon energy scale system-
atics and by the muon momentum scale in the four-
lepton channel. The best measured mass is mH =
125.5±0.2 (stat)+0.5−0.6 (syst) GeV. The mass difference be-
tween the two-photon and four-lepton channel is ∆mH =
2.3+0.6−0.7 (stat) ± 0.6 (syst) GeV, which is 2.4σ away from
the expected value of 0. The probability for such an oc-
currence is p = 1.5%. If rectangular probability distribu-
tion functions were used for the energy and momentum
scale systematic uncertainties p = 8%.
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FIG. 18. The profile likelihood ratio −2 ln Λ(mH) as a func-
tion of mH for the two-photon and four-lepton channels and
their combination. The dashed line shows the statistical com-
ponent of the mass measurement uncertainty [8].
9J. Signal strength combination
For the combination of the signal strength, besides the
high mass resolution channels, the WW , ττ and bb chan-
nels were included. The best measured signal strenght
is µ = 1.30 ± 0.13 (stat) ± 0.14 (sys). Figure 19 shows
the signal strengths for the individual channels and the
combined one.
FIG. 19. Measurements of the signal strength parameter µ
for mH = 125.5 GeV for the individual channels and for their
combination [8].
The consistency of the combined measurement of µ
with the SM expectation is of 9%, and rises to 40% if
rectangular probability density functions were used for
parton distribution functions and QCD scale uncertain-
ties. The consistency of the individual µ measurements
with the SM is 8%, and 13% with the µ = 1.43 value.
K. Couplings combination
More tests were performed on the coupling properties
of the new boson. Two separate signal strengths for the
ggF + ttH and VBF + VH production modes were fitted.
The results are shown in Figure 20. The signal strength
ratio µVBF+VH/µggF+ttH = 1.2
+0.7
−0.5, providing a 3σ evi-
dence for production through vector-boson fusion.
An analysis of vector boson and fermion couplings was
performed under the assumption that couplings scale fac-
tors with respect to the SM are the same for vector bosons
and fermions respectively. The results under the assump-
tion that only SM particles are involved are shown in
Figure 21. The compatibility with the SM is 8%.
Custodial symmetry was analysed taking as only free
parameter the ratio of scale factors for the couplings to
the W and Z vector bosons. Results are shown in Figure
22 and show a good agreement with the SM expectation
at the 95% CL.
Finally possible contributions from non SM particles
to the gg → H and H → γγ loops were considered.
FIG. 20. Likelihood contours for the two-photon, four-
lepton, WW and ττ channels in the (µggF+ttH, µVBF+VH)
plane for a Higgs boson mass hypothesis of mH = 125.5 GeV.
The best-fit to the data (×) and 68% (full) and 95% (dashed)
CL contours are also indicated, as well as the SM expectation
(+) [15].
FIG. 21. Fit for 2-parameter benchmark model probing dif-
ferent coupling strength scale factors for fermions and vector
bosons, assuming only SM contributions to the total width
[15].
FIG. 22. Fits for the benchmark model probing the custodial
symmetry. The dashed curve shows the SM expectation [15].
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FIG. 23. Fit for the benchmark model probing contributions
from non-SM particles in the H → γγ and gg → H loops. The
dashed curve shows the SM expectation [15].
Results assuming no sizeable extra contributions to the
total width are shown in Figure 23. There is no evidence
of contributions from non SM effects.
VI. BEYOND THE STANDARD MODEL
SEARCHES
In the following two different types of BSM searches
are briefly summarised: a generic search for an invisibly
decaying Higgs and two Minimal Supersymmetric Stan-
dard Model (MSSM) searches. In the MSSM the minimal
realisation of the Higgs sector requires the introduction
of two Higgs doublets, which correspond to five physical
states, three neutrals and two charged. The Higgs sec-
tor is then typically described by the mass of the neutral
CP-odd A boson and tanβ, which is the ratio of the two
doublets vacuum expectation values.
A. Invisible channel
In the SM the Higgs branching ratio to invisible parti-
cles is not measurable. This branching ratio could how-
ever have sizeable contributions from BSM processes, for
example from dark matter particles. The signature is
given by a Z boson and large missing transverse momen-
tum. In the analysis Z decays to electrons and muons
were considered. The main backgrounds come from di-
boson production. No excess above the SM background
expectation was observed. Results are shown in Figures
24(a) and 24(b) according to two different interpreta-
tions. A limit is set for the invisible branching ratio of a
SM Higgs boson 24(a) and one on the product of ZH pro-
duction cross-section and invisible decay branching ratio
for further Higgs-like states 24(b).
B. MSSM neutral Higgs
In the MSSM the neutral Higgs states branching ratios
have a structure similar to that of the SM, but suppressed
or enhanced according to tanβ. At high tanβ decays of
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FIG. 24. Interpretations of the results of the H → invisible
search. (a) Confidence level scanned against BR(H →
invisible) for the SM Higgs boson with mH = 125 GeV. The
dashed line shows the expected values, whereas the solid line
indicates the observed values. The red solid lines indicate
the 68% and 95% CL. (b) 95% confidence level limits on the
cross-section times branching fraction of a Higgs-like boson
decaying to invisible particles. Dashed lines show the back-
ground only expected limits and solid lines show the observed
limit [20].
A and H to tau leptons and muons are highly favoured.
In the search performed the following final states were
considered, where τhad denotes hadronic tau decays: eµ,
eτhad, µτhad, τhadτhad. The two main MSSM produc-
tion modes, ggF and b-quark associated production were
exploited in the analysis. No excess above the SM ex-
pectation was observed. Limits were therefore set in the
(mA, tanβ) plane, that are shown in Figure 25.
C. MSSM charged Higgs
Since at least two Higgs doublets are needed in super-
symmetric scenarios, the search for charged Higgs states
is of great importance. The main production mode for
the charged Higgs in the MSSM is through top decays.
The main decay mode for the charged Higgs is H± → τν.
Three final states were considered in the search, one
where the W from t → Wb decays hadronically and the
tau to leptons, one with the W decaying leptonically and
the tau hadronically and finally one where both the W
and the tau decay to hadrons. The background is mainly
due to tt pairs, single-top quark production, multi-jet
and di-boson events. A mixed MC and data-driven back-
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FIG. 26. Combined 95% CL exclusion limits on tanβ as a
function of mH+ [22].
ground estimation strategy was used. Since no excess
above the SM expectation was observed, limits in the
(mH+ , tanβ) plane were set and are shown in Figure 26.
VII. CONCLUSION
Since the announcement of the discovery of a Higgs-
like boson measurements and searches for other de-
cay channels or other states have proceeded intensively.
The observation of the new boson is well established
in the two-photon, four-lepton and WW channels, with
7.4σ, 6.6σ, 3.8σ significances respectively. The combined
mass measurement provides a best measured mass of
the new boson mH = 125.5 ± 0.2 (stat)+0.5−0.6 (syst) GeV.
Fermionic decays were searched for. Limits were set at
1.9 × σSMand 1.8 × σSM at mH = 125 GeV for the ττ
and bb channels respectively. The full LHC datasets have
not yet been employed for these channels. The combined
signal strength is µ = 1.30± 0.13 (stat)± 0.14 (sys). Re-
sults for couplings and spin-parity properties are compat-
ible with the SM expectations. No evidence for invisible
Higgs decays or BSM Higgs states was observed. The
characteristics of the observed boson are up to now com-
patible with those of a SM Higgs boson.
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